Introduction
The role of Helicobacter pylori infection in gastric disorders has been well demonstrated. A positive relationship between H. pylori infection and gastric cancers has also been confirmed serologically in humans. However, it is also well known that only a small population of H. pylori-infected people develop gastric cancers. To find whether all H. pylori strains really act as carcinogens, and to determine whether H. pylori should be eradicated in all H. pylori-infected patients so as to prevent The high prevalence of H. pylori infection in the Japanese population has hidden the difference in H. pylori seropositivity between cancer-bearing people and controls. However, Kikuchi et al. [12] demonstrated a higher odds ratio of gastric carcinogenesis in H. pyloriseropositive young Japanese, showing that poorly differentiated carcinomas also had a close relationship with H. pylori infection. Uemura et al. [13] proved that patients with atrophic gastritis, intestinal metaplasia, gastric ulcers, or hyperplastic polyps had a high risk for gastric carcinogenesis, while patients with duodenal ulcers did not. Correa et al. [14] studied the possibility of chemoprevention of gastric dysplasia in a randomized trial of antioxidant supplements and anti-H. pylori therapy.
H. pylori-infected animal models
Many kinds of animal models have been employed to examine the effect of H. pylori infection on gastric disorders. In H. pylori-infected gnotobiotic piglets, submucosal edema, increased gastric mucus production, and the progressive development of mucosal lymphoid follicles was observed [15] . Similarly, in the H. pyloricolonized stomachs of gnotobiotic dogs, gastric lesions, showing lymphoplasmacytic infiltration with follicle formation and infiltration of neutrophils and eosinophils in the lamina propria were induced [16] .
Some primates, including cynomolgus monkeys [17] , rhesus monkeys [18] , and Japanese monkeys [19] , were also employed for experimental studies. In a study using Japanese monkeys, long infection with H. pylori resulted in atrophic gastritis, and eradication of H. pylori was effective in reducing inflammation [20] . No intestinal metaplasia or carcinoma was induced in this study of longterm infection. The gastric lesions were similar to those in humans; however, the longterm observation period and the specialized breeding facilities needed are considered to present some barrier to detailed studies using these primates as experimental animals.
A spiral-shaped bacterium, closely related to H. pylori, isolated from the cat stomach, and named "Helicobacter felis" made it possible to investigate small animal models of gastric infection. Mice infected with H. felis showed acute inflammatory responses with eosinophils and neutrophils and lymphocytes, and large lymphoid nodules in the submucosa [21] . In a study using six different strains of mice, H. pylori-infected C3H/He mice showed moderate colonization of the antrum with little development of atrophy, while H. pylori-infected C57BL/6 mice showed excellent colonization of the antrum at 2 months. However, 6 months after infection, there was moderate to severe atrophy associated with a loss of bacteria from the antrum [22] .
A study using H. felis-infected BALB/c mice demonstrated lymphoid infiltrate lesions with morphology closely resembling that of human gastric mucosaassociated lymphoid tissue (MALT)oma [23] .
Lee et al. [24] established the Sydney strain of H. pylori (strain SS1) from clinical isolates, with high levels of consistent colonization especially achieved in C57BL/6 mice. The bacterium attached firmly to the gastric epithelium, and chronic active gastritis slowly developed that progressed to severe atrophy. A guineapig model of chronic gastric infection with the Sydney strain of H. pylori had multifocal, mild-to-moderate lymphohistiocytic antral gastritis and formation of antral lymphoid follicles [25] .
Concerning gastric carcinogenesis, a study with negative findings has been reported using H. pyloriinfected C57BL/6 mice [26] . H. pylori has urease activity and produces ammonia in the human stomach, and an enhancing effect of ammonia on gastric carcinogenesis was demonstrated in N-methyl-NЈ-nitro-Nnitrosoguanidine (MNNG)-treated rats, while ammonia itself did not initiate carcinogenesis [27] . The development of pepsinogen-altered pyloric glands (PAPG), preneoplastic lesions of the glandular stomach, was promoted by H. pylori infection in the glandular stomachs of N-methyl-N-nitrosourea (MNU)-pretreated BALB/c mice [28] .
H. pylori-infected Mongolian gerbil model
In 1996, Hirayama et al. [29] reported the induction of gastric ulcer and intestinal metaplasia in Mongolian gerbils infected with H. pylori. Mongolian gerbils can be consistently infected with H. pylori, and the resultant chronic active gastritis, peptic ulcers, and intestinal metaplasia resemble lesions apparent in humans. Thus, they can be ideal experimental model animals for detailed analysis of the role of H. pylori in gastric disorders [29] . After infection with H. pylori, the glandular stomachs of Mongolian gerbils show hyperplastic changes, erosion, varying degrees of multifocal cystic dilatation, infiltration of inflammatory cells, and proliferation of the gastric glands into submucosa with interruptions of the lamina muscularis mucosa, forming dysplastic lesions called "heterotopic proliferative glands (HPG)". These submucosal lesions, surrounded with collagen fibers, show a phenotypic shift from gastric-type to intestinal-type with the appearance of Paneth cells during the overall course of H. pylori infection. Eradication of H. pylori resulted in reduced gastric lesions, partial interruption of the lamina muscularis mucosa, and regenerative changes seen as evidence of former injury [30] . In studies exploring gastric carcinogenesis employing Mongolian gerbils [31] [32] [33] [34] [35] , no carci-noma with obvious cellular atypia was observed in the H. pylori-solely-infected group. However, Watanabe et al. [36] , and Honda et al. [37] concluded that H. pylori infection alone could induce well-differentiated adenocarcinomas, at very high incidences (38% [36] and 40% [37] ), in the glandular stomachs of gerbils at week 62 or week 72, whereas Hirayama et al. [38] found that H. pylori infection induced only one poorly differentiated adenocarcinoma at week 64 (1.8%). The incidences and histological patterns of the lesions differed greatly in these three studies. One possible reason for this discrepancy is the difference in the diagnosis of submucosal lesions and well-differentiated adenocarcinomas in this animal species. Further more detailed investigations of the characteristics of neoplasms in this animal model would provide a much clearer idea of the relationship between H. pylori infection and gastric carcinogenesis.
H. pylori-infected and carcinogen-treated Mongolian gerbil model: modification of gastric carcinogenesis
To assess the putative causal link between H. pylori infection and carcinogenesis in the glandular stomach, gerbils were treated with a combination of chemical carcinogens and H. pylori infection. The animals were able to tolerate a 30-ppm exposure to MNU or 400-ppm exposure to MNNG treatment ad libitum. As a result, all histological types of stomach cancer development were induced due to exposure to carcinogens [31] . The variety of histological types of gastric cancers, similar to those in humans, implies the advantage of using this animal model in experimental studies of gastric carcinogenesis ( Figs. 1 and 2) .
A combination of 3-30 ppm of MNU administration and infection with H. pylori strain ATCC43504 resulted in a 5.0%-36.8% incidence of carcinogenesis after 40 weeks of observation [32] . Moreover, the combination of 20-300 ppm of MNNG administration and infection with H. pylori resulted in a 14.8%-60.0% incidence of carcinogenesis after 50 weeks of observation [33] . H. pylori infection apparently enhances all histological types of gastric carcinogenesis and its progression in gerbils treated with chemical carcinogens [34] . Further, the administration of 30 ppm of MNU and infection with H. pylori induced a 65.2% incidence of carcinogenesis at week 50, while the same condition plus eradication resulted in a 20.8% incidence of carcinogenesis. Also, H. pylori infection and the administration of 10 ppm of MNU induced a carcinogenesis incidence of 34.6%, while the same condition plus eradication resulted in a 9.1% incidence. Thus, the enhancing effect of H. pylori infection in gastric carcinogenesis due to a chemical carcinogen was diminished by subsequent eradication [35] . The timing of MNU administration affects the histological types of gastric carcinogenesis in gerbils infected with H. pylori [39] . Another study reported well-differentiated adenocarcinomas in 50%-66.7% of animals treated with 50 ppm of MNNG and infection with H. pylori at weeks 24-52 [40] .
A high-salt diet is also a risk factor in gastric carcinogenesis. High salt administration significantly enhanced gastric carcinogenesis in MNNG-treated rats [41] . A cross-sectional study conducted in humans revealed an association between the prevalence of H. pylori and the frequent intake of salty food in Japan [42] . H. pylori can infect the stomachs of gerbils persistently. The organism preferentially colonizes and forms microcolonies within the mucous gel layer of surface mucous-cell-type mucins in the human stomach [43] . Mucins from gland mucous cells may disturb the movement of H. pylori within the mucous gel layer [44] . The mucous layer of the stomach will be damaged by high salt administration, and the lowered mucosal defense caused by the high-salt diet might serve to enhance the risk of exposure to carcinogens existing in the glandular stomach. Fox et al. [45] demonstrated that a high-salt diet enhanced H. pylori colonization in C57BL/6 mice. In a recent study using Mongolian gerbils, the incidence of adenocarcinomas was highest in the group treated with 20 ppm of MNU, H. pylori infection, and a 10% highsalt diet (32.1%). A high-salt diet enhanced the effects of H. pylori infection on gastric carcinogenesis, and the two factors, H. pylori infection and the high-salt diet, acted synergistically to promote the development of stomach cancers [46] . The gastric mucosa contains several kinds of acid mucopolysaccharides. The presence of a high NaCl concentration decreases the viscosity of the gastric mucus, reduces the protective mucous barrier, similarly to the effects of surface-active agents, and allows direct contact of carcinogens with the gastric mucosa [41] . H. pylori infection has, in fact, been shown to exacerbate stomach mucosal damage due to MNU or a salty diet in mice [45] .
H. pylori infection during childhood might also present a high risk for gastric carcinogenesis. To evaluate the difference in susceptibility to stomach carcinogenesis among various ages at which H. pylori infection was acquired, the following experiment was performed. Gerbils were infected with H. pylori at different ages (4, 18, or 32 weeks) and then treated with MNU in the same period. At 52 weeks, the incidences of adenocarcinoma in the early (4-week), middle (18-week), or late (32-week) H. pylori-infected groups were 60%, 18.4%, and 10%, respectively. Higher titers of serum IgG for H. pylori and higher gastrin levels were seen in the early-infected animals. The early acquisition of H. pylori increased the risk for gastric carcinogenesis, in relation to host immunologic responses [47] .
H. pylori infection and host responses
H. pylori produces ammonia from urea in the host stomach with urease, neutralizes the gastric acid, and multiplies in the neutralized mucin layer of the host stomach [43] . Activation of the phagocyte oxidative metabolism by H. pylori [48] , alterations in gastric juice ascorbic acid concentrations in H. pylori-seropositive patients [49] , and increased expression of inducible nitric oxide synthase and peroxynitrite induced by H. pylori [50] have been demonstrated.
Crabtree et al. [51] reported that interleukin (IL)-8 expression was higher in H. pylori-infected gastric mucosa than in normal gastric mucosa. The HLA-DQ type of the host plays a role in the severity of atrophic gastritis in H. pylori-seropositive patients [52] , and ElOmar et al. [53, 54] demonstrated an association between IL-1 polymorphisms and an increased risk of gastric cancer. Smoking habit affected this relationship [55] , and a synergistic interaction between IL-1B and IL-1RN polymorphisms and the risk of gastric cancer was also demonstrated [56] . H. pylori activates nuclear factor kappa B (NF-kB) through a signaling pathway involving IkB kinases in gastric cancer cells [57] , and the role of H. pylori-activated cyclin D1 gene expression through the mitogen-activated protein kinase (MAPK) pathway in gastric cancer cells was also demonstrated [58] . Complete genome sequences of multiple H. pylori strains are now available [59, 60] , and the proteinprotein interaction map of H. pylori was built through a yeast two-hybrid assay [61] . Further, it has been shown that the H. pylori virulence factor CagA, translocated from the bacteria into gastric epithelial cells, can be tyrosine-phosphorylated in the host epithelial cells [62] , and it can perturb signal transduction by physically interacting with a host cell protein, SHP-2, that connects receptor tyrosine kinases and ras [63] .
Studies have demonstrated the indubitable relationship between H. pylori infection and gastric disorders. The pathogenic roles of H. pylori in vivo still remain unsolved, and further experimental studies concerning the formation of gastric cell proliferation and enhancement of gastric cancers are needed. Many factors underlying the inflammation, cell proliferation, and biological mediators observed after H. pylori infection can be examined, using appropriate experimental animal models, to help elucidate the mechanisms of gastric carcinogenesis and, possibly, to help provide a firm basis for human cancer prevention.
